The recent development of microsatellite markers for tobacco, Nicotiana tabacum L., may be valuable for genetic studies within the genus Nicotiana. The first objective was to evaluate transferability of 100 N. tabacum microsatellite primer combinations to 5 diploid species closely related to tobacco. The number of primer combinations that amplified scorable bands in these species ranged from 42 to 56. Additional objectives were to assess levels of genetic diversity amongst available accessions of diploid relatives closely related to tobacco (species of sections Sylvestres and Tomentosae), and to evaluate the efficacy of microsatellite markers for establishing species relationships in comparison with existing phylogenetic reconstructions. A subset of 46 primer combinations was therefore used to genotype 3 synthetic tobaccos and an expanded collection of 51 Nicotiana accessions representing 15 species. The average genetic similarity for 7 diverse accessions of tobacco was greater than the average similarity for N. otophora accessions, but lower than the average genetic similarities for N. sylvestris, N. tomentosa, N. kawakamii, and N. tomentosiformis accessions. A microsatellitebased phylogenetic tree was largely congruent with taxonomic representations based on morphological, cytological, and molecular observations. Results will be useful for selection of parents for creation of diploid mapping populations and for germplasm introgression activities.
Introduction
The genus Nicotiana is a member of the family Solanaceae and comprises 76 currently recognized, naturally occurring species that are subdivided into 13 sections ). Cultivated tobacco, N. tabacum L., is the species of primary economic importance and has also been used as a model system in numerous studies of plant biology. Nicotiana tabacum is a classic amphidiploid that likely evolved via hybridization between two diploid progenitor species followed by spontaneous chromosome doubling. Very strong evidence suggests N. sylvestris Spegazinni & Comes as the maternal parent and the donor of the ''S'' genome (Bland et al. 1985; Olmstead and Palmer 1991; Aoki and Ito 2000; Yukawa et al. 2006) . It is highly likely that the ''T'' genome was contributed by a member of section Tomentosae (likely N. tomentosiformis Goodspeed, N. otophora Grisebach, or an introgressive hybrid between the two) (Kenton et al. 1993 ; Riechers and Timko 1999; Lim et al. 2000b; Kitamura et al. 2001; Ren and Timko 2001) . Murad et al. (2002) suggested a particular lineage of N. tomentosiformis as the paternal genome donor. It is presumed that only a small fraction of the genetic variability that existed in the original progenitor species' gene pools entered into N. tabacum, although the possibility of multiple hybridization or allopolyploidization events or subsequent gene flow from diploid populations cannot be eliminated (Lewis and Nicholson 2007) . Desirable alleles for improvement of cultivated tobacco may therefore reside in gene pools of diploid relatives closely related to N. tabacum.
DNA markers have been useful for examining genetic diversity among and within cultivated crop species and their wild relatives (Maughan et al. 1995; Powell et al. 1996; Liu et al. 2000 Liu et al. , 2003 Huang et al. 2002; Milla et al. 2005a) . DNA markers have also been useful for facilitating introgression of wild germplasm into elite germplasm pools (Eshed and Zamir 1995; Tanksley and Nelson 1996; Huang et al. 2003; Gur and Zamir 2004) . The majority of published research involving molecular markers in tobacco has focused on identification of randomly amplified polymorphic DNA (RAPD) or amplified fragment length polymorphism (AFLP) markers linked to disease resistance genes introgressed from wild relatives (Bai et al. 1995; Yi et al. 1998; Johnson et al. 2002; Lewis 2005; Milla et al. 2005b ; Lewis et al. 2005; Moon and Nicholson 2007) . Mapping of genes of N. tabacum origin has been limited, however, because of the relatively low rates of polymorphism detected using these marker systems (Ren and Timko 2001; Rossi et al. 2001; Nishi et al. 2003) . Large-scale sequencing efforts for tobacco, however, have led to the development of microsatellite, or simple sequence repeat (SSR), markers found to be useful for genetic mapping in this species (Bindler et al. 2007 ). Because of their higher rates of polymorphism, codominance, and ease of assay, microsatellite markers have been used for many purposes in numerous species, including mapping, marker-assisted selection, population genetics investigations, and taxonomic studies. In addition to these desirable characteristics, microsatellite markers have advantages for genetic studies involving allopolyploids because they are in many cases genome-specific (i.e., they often do not amplify loci from homoeologous genomes). In allohexaploid wheat, for example, approximately 40% of microsatellite markers described by Roder et al. (1998) were genome-specific. For N. tabacum, nearly 60% of mapped microsatellite markers amplified only a single fragment from one of the two genomes (Bindler et al. 2007) .
It is of interest to use microsatellite markers to gain information on the degree of genetic diversity that exists among currently maintained accessions of species closely related to modern-day cultivated tobacco. Such data would be of importance for germplasm maintenance (i.e., identification of accession duplications), strategic selection of parents for development of diploid mapping populations for use in comparative mapping research in Nicotiana, and identification of markers of value for germplasm introgression activities. Microsatellite markers might also be valuable for taxonomic studies within Nicotiana.
Application of SSR markers developed for one species in other species has been termed ''transferability'' (Sourdille et al. 2001 ). For example, SSR markers developed for soybean, rice, tall fescue, wheat, tomato, and bamboo have been successfully transferred to related species (Peakall et al. 1998; Alvarez et al. 2001; Sourdille et al. 2001; Brondani et al. 2003; Gupta et al. 2003; Kuleung et al. 2004; Saha et al. 2004; Barkley et al. 2005; Zhang et al. 2006) . The first objective of this research was to evaluate the transferability of microsatellite markers developed from N. tabacum genomic sequence information to different ancestral and closely related diploid relatives, as well as several synthetic amphidiploids and several more distantly related Nicotiana species. The second objective was to use transferable markers to examine genetic variability among and within diploid relatives closely related to N. tabacum. These species included N. sylvestris (the sole member of section Sylvestres) and species of section Tomentosae (N. tomentosiformis, N. otophora, N. tomentosa Ruiz & Pavon, N. kawakamii Y. Ohashi, and N. setchellii Goodspeed) . Species of these two sections were of primary interest because of their close evolutionary relationship to N. tabacum (see above), the relative ease of germplasm introgression from these relatives into N. tabacum, and the relative propensity for genetic recombination in populations derived from crosses involving N. tabacum and these species. The third objective was to interpret the microsatellite data with respect to genetic relationships amongst all of the materials that were genotyped. Of particular interest were the relationships between N. tabacum and its possible progenitor species.
Materials and methods

Plant materials
Seven accessions or cultivars of N. tabacum, 44 accessions representing 14 wild Nicotiana relatives, and 3 synthetic amphidiploids were selected for this investigation (Table 1) . Most materials were obtained from Nicotiana germplasm collections maintained in the United States, France, Germany, the Netherlands, and Australia. Three horticultural cultivars of N. sylvestris were obtained from commercial seed suppliers (Table 1) . Species were chosen primarily to represent section Sylvestres (N. sylvestris) and section Tomentosae (N. otophora, N. tomentosa, N. tomentosiformis, N. kawakamii, and N. setchellii) , although single accessions of 8 additional species representing 5 additional sections (Alatae, Noctiflorae, Suaveolentes, Paniculatae, and Undulatae) were also included ( Table 1) . The 7 N. tabacum accessions that were selected were chosen to represent a wide range of phenotypic diversity in terms of market classification and plant type.
DNA isolation and allele detection
Genomic DNA was isolated using the Plant DNAzol reagent (Invitrogen, Carlsbad, California) . Plant tissue was mixed with the Plant DNAzol reagent (0.3 mL solution : 0.1 g plant tissue), ground for 20 s using a BIO 101 FastPrep Instrument (Qbiogene, Inc., Vista, California), and then incubated with shaking at room temperature for 5 min. Chloroform (0.3 mL : 0.1 g tissue) was then added, and the mixture was incubated with shaking at 25 8C for another 5 min. After extraction, the mixture was centrifuged at 12 000g for 10 min. The aqueous phase was subsequently A subset of 100 microsatellite primer pairs developed from genomic N. tabacum sequence information and that amplify markers at loci on all 24 N. tabacum linkage groups described by Bindler et al. (2007) were initially selected for this research. Specific map information for these markers can be obtained from Bindler et al. (2007) . Fifty-eight of these primer pairs amplify only single bands for N. tabacum. PCR for SSR detection was performed using the fluorescent M13-tail labeling system of Schuelke (2000) , which involves three primers: the SSR-specific forward primer with an M13(-19) tail at its 5' end, the reverse SSR-specific primer, and a universal M13(-19) primer labeled with either IRDye 700 or IRDye 800 (LI-COR Biosciences, Lincoln, Nebraska). Reactions were performed in 15 mL volumes containing 25 ng DNA, 1Â PCR buffer (10 mmol/L TrisHCl pH 8.3, 1.5 mmol/L MgCl 2 , 50 mmol/L KCl), 0.2 mmol/L dNTPs, 0.015 mmol/L forward primer, 0.06 mmol/L reverse primer, 0.06 mmol/L fluorescently labeled M13 primer, and 1 U Taq DNA polymerase (New England Biolabs, Ipswich, Massachusetts). Reaction conditions were an initial denaturation step of 94 8C for 5 min; 30 cycles of 30 s at 94 8C, 45 s at 55 8C, and 45 s at 72 8C; 8 cycles of 30 s at 94 8C, 45 s at 53 8C, and 45 s at 72 8C; and a final extension at 72 8C for 10 min. Reaction products were mixed with 10 mL of formamide loading dye (95% deionized formamide, 20 mmol/L EDTA, and 0.8 mg/mL bromophenol blue). The mixture was denatured for 3 min at 94 8C and then immediately chilled on ice for at least 10 min. Microsatellite alleles were resolved using 6.5% polyacrylamide gels and a LI-COR 4300 DNA Analysis System under the following conditions: 1500 V, 40 mA, 40 W, 45 8C for 2.5 h. IRDye 700-or 800-labeled molecular weight standards (50-350 bp) were loaded on each gel for SSR allele sizing.
Data analysis
Scoring of gels was performed using AFLP Quantar 1.0 software (KeyGene Products B.V., Wageningen, the Netherlands). A binary matrix was generated in which the presence of a given amplification product was scored as ''1'' and the absence of the PCR product was scored as ''0''. If a PCR product could not be generated for a given primer pairspecies combination, missing data were quoted for corresponding cells in the matrix (Mohammadi and Prasanna 2003) . Some primer pairs amplified multiple bands per genotype. Because it was not possible to assign alleles to specific loci in these cases, a similarity matrix was created based on the Jaccard coefficient (Jaccard 1908) using NTSYS-pc version 2.02 (Rohlf 2000) . The use of the Jaccard coefficient was also justified because of the limited number of accessions that were tested for each species. The computed similarity matrix and the unweighted pair group method with arithmetic averaging (UPGMA) algorithm (Sneath and Sokal 1973) were then used by NTSYS-pc to generate a dendrogram indicating relationships among the 54 genotypes. To evaluate the robustness of the phylogenetic tree, the cophenetic correlation coefficient between the original similarity matrix and the cophenetic matrix given by the UPGMA clustering process was calculated using the COPH and MXCOMP functions in NTSYS-pc. Bootstrap support for dendrogram branches was conducted using 1000 replicates by means of the software program Winboot (IRRI, Manila, Philippines).
Results
Transferability of N. tabacum SSRs
A total of 100 primer combinations previously demonstrated to reveal microsatellite alleles in N. tabacum (Bindler et al. 2007 ) were initially screened on DNA isolated from representatives of 5 diploid relatives most closely related to N. tabacum (N. sylvestris, N. tomentosa, N. tomentosiformis, N. otophora, and N. kawakamii) as a preliminary means of determining transferability to other Nicotiana species. Of the 100 microsatellite primer pairs, 56 amplified easily scorable bands in at least one of the 5 selected diploid Nicotiana relatives ( Table 2 ). The percentage of transferable markers was intermediate and ranged from 42% for N. kawakamii to 56% for N. sylvestris. A selected subset of 46 primer pairs was then used to genotype a larger set of 46 additional accessions representing 15 Nicotiana species plus 3 synthetic amphidiploids. These 46 primer pairs amplified markers on 22 of the 24 N. tabacum linkage groups reported by Bindler et al. (2007) . Twenty-two of these primer pairs amplified only single bands for N. tabacum. Transferability of the selected subset of 46 microsatellite markers to the expanded set of materials ranged from 41% for N. benthamiana to 78% for N. sylvestris and N. tomentosa (Table 3) . Transferability was greatest (>70%) for accessions from sections Tomentosae and Sylvestres. In almost all cases, transferability was much lower (<60%) for species presumed to be more distantly related to N. tabacum, such as N. undulata and N. benthamiana. The one exception was N. africana, where transferability was 72%.
In this study, a total of 529 alleles with sizes ranging from 66 bp to 309 bp were produced. Allele size ranges for all genotyped species are provided in Table 4 . To check the reproducibility of microsatellite amplification, allele sizes produced in the current study for the cultivar N. tabacum 'Hicks' were compared with those produced for this cultivar in the study of Bindler et al. (2007) . Allele sizes for this cultivar were consistent for all primer pairs. The average number of alleles produced per microsatellite primer pair was 11.5 (Table 5 ). Most primer pairs generated single amplification products for the diploid species that were genotyped, but several produced more than one. More than half of the primer pairs produced more than one (mostly two) scorable band for the allotetraploid species N. tabacum. In cases where multiple alleles were produced per accession, it was not possible to use the current data to assign alleles to specific loci. Only 5 of the 46 primer pair combinations produced amplification products in all species that were tested.
Genetic diversity
Diversity amongst accessions from sections Sylvestres and Tomentosae was of primary interest in this study because of these species' close relationship to N. tabacum, their potential value as a source of novel variability for improvement of cultivated tobacco, and interest in creation of diploid mapping populations. Most accessions of N. sylvestris were highly similar to each other, with an average Jaccard similarity coefficient (S J ) of 0.870 (Table 3) . However, one accession of this species (A04750326) stood out as being divergent from the majority. This accession had a similarity of S J = 0.357 to its most closely related N. sylvestris accession (A34750352). Average Jaccard similarities amongst accessions of N. tomentosiformis (n = 6), N. tomentosa (n = 5), N. otophora (n = 6), and N. kawakamii (n = 3) were 0.605, 0.567, 0.296, and 0.438, respectively (Table 3) . Ranges of similarities for these species were 0.333 to 0.945, 0.206 to 1.000, 0.185 to 0.778, and 0.209 to 0.881, respectively. For comparison, the average similarity between the 7 N. tabacum cultivars and accessions that were genotyped was 0.397 (range, 0.186 to 0.711). Knapp et al. (2004) .
{
Indicates average similarity among accessions of a given species.
Genetic relationships
Genotypes of the 54 cultivars, accessions, and synthetic amphidiploids were used to evaluate the potential of using microsatellite markers for phylogenetic studies in Nicotiana. The microsatellite-based UPGMA dendrogram showed good overall agreement with classical and current taxonomic classifications based on morphological, cytological, and molecular observations (Goodspeed 1954; Aoki and Ito 2000; Knapp et al. 2004) . A high proportion of the dendrogram branches showed high bootstrap support. For the most part, all members of a given species clustered together (Fig. 1) . The exceptions that were observed were within section Tomentosae. Here, one accession of N. tomentosa (TW 141) clustered with a group containing both N. tomentosiformis and N. kawakamii accessions. Within this group, two accessions of N. kawakamii (NIC 486 and AUSTRCF 314545) grouped together with the majority of the accessions of N. tomentosiformis (Fig. 1) . One accession of N. kawakamii (TW 72) was isolated from N. tomentosiformis and the other accessions of N. kawakamii. The single accession of N. setchellii was isolated within section Tomentosae. Many accessions of N. sylvestris were genetically very similar or identical and were closely grouped together, although one accession (A04750326) was highly divergent from the rest. All wild Nicotiana relatives were well separated from N. tabacum, and species were grouped according to the sectional classification of Knapp et al. (2004) , except for the failure of N. longiflora to group with N. alata (section Alatae). The two synthetic amphidiploids, TH32 (4x(N. sylvestris Â N. otophora)) and TH37 (4x(N. sylvestris Â N. tomentosiformis)), grouped most closely with N. sylvestris instead of N. tabacum. Kostoff's Hybrid, a purported 4x(N. sylvestris Â N. tomentosiformis) synthetic tobacco developed by Kostoff (1938) , also grouped with the N. sylvestris accessions but was more distantly related to N. sylvestris than either TH32 or TH37. On the basis of average degree of similarity, Kostoff's Hybrid was considerably more closely related to N. tabacum than either TH32 or TH37 (Table 6 ). On the basis of successful or unsuccessful amplification of microsatellite alleles in N. tabacum, N. sylvestris, or species of section Tomentosae, it was possible to suggest the origin of 20 of 46 SSR markers as either the S or the T genome donor (Table 5 ). For these 20 markers, only single bands were produced for N. tabacum and it was therefore straightforward to assign them to either the S or the T genome. Because N. sylvestris and species of section Tomentosae are not considered to be closely related within the genus Nicotiana (Goodspeed 1954 some of the primer pairs developed based on N. tabacum sequence failed to amplify a product for one of the two probable progenitor species. For the remaining markers, multiple PCR products were generated for N. tabacum, and it was not possible using current information to suggest the ancestral origin of these bands. Murad et al. (2002) analyzed repetitive sequences of geminiviral origin and suggested that a particular lineage of N. tomentosiformis contributed to the T genome of modern-day N. tabacum. In our study, average Jaccard similarity coefficients were calculated between the 7 N. tabacum accessions or cultivars and each accession of N. sylvestris and each accession from section Tomentosae. Nicotiana sylvestris accession A04750326 had the highest average Jaccard similarity coefficient (S J = 0.145) of all accessions of this species (Table 6 ). The average similarity coefficient between N. tabacum and 21 accessions of section Tomentosae ranged from 0.050 to 0.137 (Table 6) 
Discussion
This study demonstrated that a moderate proportion of N. tabacum microsatellite markers can be transferred to closely related diploid relatives to reveal polymorphism in those species. The microsatellite markers were transferable at a lower rate to more distantly related Nicotiana species (such as N. undulata and N. benthamiana). Other researchers have also reported on the transferability of microsatellite markers within a genus (Brown et al. 1996; Van Deynze et al. 1998; Tikhonov et al. 1999; Alvarez et al. 2001; Dirlewanger et al. 2002; Eujayl et al. 2002; Ren et al. 2003; Kuleung et al. 2004; Zhang et al. 2006) . In general, the transferability rates observed in our study were slightly lower than those reported for similar studies, such as those involving transfer of Triticum aestivum L. microsatellite markers to Aegilops species (Adonina et al. 2005) , transfer of tall fescue (Festuca arundinacea Schreb.) markers to 7 other grass species (Saha et al. 2004) , and transfer of Coffea arabica L. markers to 6 diploid Coffea species (Poncet et al. 2004) . Results were comparable, however, to those observed in the transfer of markers derived from Gossypium arboreum L. to 24 different diploid Gossypium accessions (Guo et al. 2006) . Variation in results may be due to differences in rates of conservation of primer binding site sequences.
RAPDs, AFLPs, isozymes, sequence information, plant morphology, and cytological observations have been used in past efforts to delineate evolutionary relationships in the genus Nicotiana (Goodspeed 1954; Sheen 1972; Bogani et al. 1997; Aoki and Ito 2000; Ren and Timko 2001; Chase et al. 2003; Clarkson et al. 2004; Knapp et al. 2004 ). In the current study, transferable microsatellite markers were found to be useful for researching genetic relationships amongst members of the genus Nicotiana. For the most part, the microsatellite-based dendrogram was congruent with existing sectional and within-sectional representations based on morphological, chromosome, and DNA information. In a few cases, species of section Tomentosae did not cluster together perfectly. Nicotiana tomentosa accession TW 141 and two N. kawakamii accessions (NIC 486 and AUSTRCF 314545) clustered with N. tomentosiformis accessions rather than with the other accessions representing those species. Such imperfect clustering of species accessions was also observed in a study in which wheat microsatellites were used for phylogenetic studies of several Triticeae species . These three Nicotiana species are morphologically quite similar, and cytological evidence and studies of the evolution of 5S rDNA have shown these three species are very closely related (Lim et al. 2000a (Lim et al. , 2000b Matyášek et al. 2002) . These species may have diverged relatively recently and therefore a larger number of markers may be needed to clearly differentiate them.
Nicotiana tabacum is a natural amphidiploid that arose via hybridization of two wild progenitor species followed by chromosome doubling (Gerstel and Sisson 1995) . There is strong evidence that a precursor to modern-day N. sylvestris was the maternal (or ''S'') genome donor to N. tabacum (Gray et al. 1974; Bland et al. 1985; Olmstead and Palmer 1991) . The donor of the paternal (or ''T'') genome, however, has been the subject of greater discussion. Based on botanical considerations, Goodspeed (1954) favored N. otophora as the other parent of N. tabacum, while Gerstel (1960 Gerstel ( , 1963 used classical genetics studies to suggest N. tomentosiformis. Modern fluorescence in situ hybridization studies (Kitamura et al. 2000; Lim et al. 2000a Lim et al. , 2000b and additional molecular evidence (Murad et al. 2002) support N. tomentosiformis, and not N. otophora, as the paternal genome donor. Molecular cytogenetic observations (Kenton et al. 1993; Chase et al. 2003) , gene sequence information (Riechers and Timko 1999) , and AFLP genotypes (Ren and Timko 2001) have suggested the involvement of an introgressive hybrid between N. tomentosiformis and N. otophora.
In the current study, it was possible to suggest the genomic origin (S or T genome) of a high proportion of N. tabacum microsatellite markers. The study did not, however, definitively indicate the species of section Tomentosae that may have contributed genomic information to modern-day N. tabacum. The three Tomentosae accessions that were most similar to N. tabacum were N. kawakamii NIC 486, N. kawakamii AUSTRCF 314545, and N. tomentosiformis 914750065 (S J = 0.137, 0.135, and 0.134, respectively) . On average, N. kawakamii and N. tomentosiformis accessions had the highest similarity to N. tabacum, with average similarity values of 0.124 and 0.113, respectively. Of these two species, N. tomentosiformis has been determined to be more closely related to tobacco based on cytological and molecular evidence (Lim et al. 2000b; Matyášek et al. 2002) . Through cytogenetic analysis of 4 N. tomentosiformis accessions and studies of repetitive sequences of geminiviral origin, Murad et al. (2002) indicated that N. tomentosiformis accession NIC 479 was most closely related to the likely paternal genome donor of N. tabacum. In the current study, N. otophora accessions were less similar to N. tabacum (average S J = 0.070). However, this does not rule out possible involvement of this species in the evolution of N. tabacum.
Three synthetic amphidiploids were included in this study: TH32 (4x(N. sylvestris Â N. otophora)); TH37 (4x(N. sylvestris Â N. tomentosiformis)), also known as ''Burk's Hybrid'' (Burk 1973) ; and ''Kostoff's Hybrid'', also reported to be a 4x(N. sylvestris Â N. tomentosiformis) synthetic tobacco (Kostoff 1938) . Such synthetic tobaccos have been used in evolutionary studies related to allopolyploidy (Lim et al. 2004 (Lim et al. , 2006 (Lim et al. , 2007 . The genotypes of TH32 and TH37 strongly support their purported pedigrees. Although Kostoff's Hybrid grouped with TH32 and TH37 in the UPGMA dendrogram, it is noteworthy that this line exhibited a much greater degree of genetic similarity to N. tabacum than either TH32 or TH37. Other authors have also noted a greater than predicted amount of morphological, biochemical, and DNA similarity between Kostoff's Hybrid and N. tabacum, and suggested possible inadvertent introgression of N. tabacum germplasm during the development of this material (Sheen 1972; Burk 1973; Lim et al. 2006 ). Although it is not known which N. sylvestris or N. tomentosiformis accessions may have been used in the generation of Kostoff's Hybrid, the current microsatellite data provide further support of this possibility. Little information was previously available on the degree of genetic variation within gene pools of tobacco's wild relatives. In the current study, the utility of N. tabacum microsatellite primer combinations for detecting variability within diploid species closely related to N. tabacum was demonstrated. The N. tabacum accessions and cultivars genotyped in this study were selected to represent a wide range of morphological diversity present within the species. The average genetic similarity for 7 diverse accessions of tobacco was greater than the average genetic similarity for N. otophora but lower than the average genetic similarities for N. sylvestris, N. tomentosa, N. kawakamii, and N. tomentosiformis . It is possible that a genetic bottleneck was involved in the evolution of modern-day tobacco, and that only a fraction of the variability present in the original progenitor species' gene pools ever entered into the original N. tabacum (Lewis and Nicholson 2007) . Most of the N. sylvestris accessions were very similar, with the exception of one divergent accession (A04750326). Significantly more molecular diversity was observed amongst the species of section Tomentosae when compared with N. tabacum. However, the extent to which these estimates of interspecies diversity are biased is not known. Although accessions were obtained from multiple repositories from around the world, all Nicotiana species besides N. tabacum and N. rustica are represented by small numbers of accessions in germplasm collections worldwide. Genetic diversity within these materials likely represents a fraction of the variability that is present in their natural habitats. The ultimate origin of many accessions is not known to the authors. Some accessions may be derived from materials originally collected by T.H. Goodspeed in the first part of the 20th century (Lewis and Nicholson 2007) . Nevertheless, the data obtained from this investigation can be used in the selection of divergent diploid parents to be used in the development of diploid mapping populations that might ultimately be used in research to better understand genome organization within Nicotiana. In addition, microsatellite markers polymorphic between N. tabacum and closely related species may be useful for gene introgression studies ).
